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1.0  INTRODUCTION 


1.1  Overview 


This  document  describes  the  methodology  and  results  of  a  sensitivity  analysis 
conducted  on  the  Advanced  Underwater  Acoustic  Modeling  Project  (AUAMP)  transmission 
loss  (TL)  calculation.  The  sensitivity  of  the  TL  calculation  to  range-dependent 
environmental  input  parameters  and  to  the  model's  internal  sampling  interval  was 
investigated.  The  model’s  output  transmission  loss  is  analyzed  because  AUAMP  signal 
excess  predictions  are  ultimately  based  on  calculated  TL.  In  addition,  range-dependent 
environmental  data  is  used  directly  only  in  the  TL  calculation.  Reverberation  and  noise 
predictions  are  made  using  the  AUAMP  transmission  loss  calculation  as  well.  The  range- 
dependent  environmental  data  consists  of  sound  velocity  profile  (SVP),  bottom  depth, 
bottom  type,  and  sediment  thickness.  All  TL  calculations  were  made  using  AUAMP  version 
2.6. 


Table  1  summarizes  the  two  primary  objectives  of  this  task.  The  first  goal  of  this 
analysis  was  to  determine  whether  the  two  nautical  mile  sampling  interval  currently 
employed  by  AUAMP  is  adequate  to  represent  the  transmission  loss  structure  in  all  shallow 
water  environments.  The  two  nautical  mile  sampling  interval  dictates  how  often  the 
transmission  loss  function  is  evaluated  as  a  function  of  range  and  is  independent  of  any  data 
base  resolution.  The  effect  of  the  sampling  interval  is  a  complex  function  dependent  on  the 
transmission  loss  function  itself,  the  database  resolutions  and  the  variability  of  each  of  the 
four  environmental  parameters  as  a  function  of  range.  The  second  goal  involved 
determining  the  general  sensitivity  of  the  AUAMP  transmission  loss  output  to  each  of  the 
four  range-dependent  parameters  for  a  specific  sampling  interval  and  data  base  grid 
resolution.  This  analysis  attempted  to  quantify  which  environmental  parameter  has  the 
greatest  effect  on  the  transmission  loss  given  a  set  sampling  interval  and  data  base 
resolution.  The  analysis  documented  in  this  paper  was  performed  with  AUAMP  runs 
exclusively;  no  comparison  with  measured  data  was  performed.  Thus,  the  observations  made 
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are  preliminary,  pending  confirmation  with  real  data.  Real  data  comparisons  are  planned 
for  later  analysis. 


1.  Definition  of  the  modeled  range  resolution  necessary  to  accurately  represent 
the  TL  structure  as  a  function  of  each  of  the  four  input  environmental 
parameters  used  the  ASTRAL  TL  model 

2.  Definition  of  the  sensitivity  of  AUAMP  version  2.6  TL  output  at  a  constant 
sampling  interval  to  each  of  the  range-dependent  parameters. 

Table  1.  Tasks  Addressed  in  this  Document 

This  document  is  the  first  of  five  technical  reports  which  review  the  applicability  of  the 
Advanced  Underwater  Modeling  Project  (AUAMP)  for  shallow  water  predictions.  The 
second  technical  report  to  be  completed  under  this  investigation  will  be  a  compendium  of 
shallow  water  data  bases,  models  and  experiments.  The  third  document  will  present  actual 
measured  data  compared  with  AUAMP  predictions  using  internal  data  bases  as  well  as  in- 
situ  environmental  data.  The  fourth  document  will  attempt  to  determine  the  source  of  any 
discrepancy  between  measured  and  modeled  data.  This  first  technical  report  will  assist 
future  work  in  determining  if  the  difference  between  measured  and  modeled  data  is  due  to 
sampling  intervals  and  database  resolutions  or  model  algorithms.  The  fifth  technical  report 
summarizes  the  entire  investigation. 


1.2  Organization  of  Document 


The  remainder  of  this  document  is  divided  into  three  sections.  Section  2.0  presents  an 
overview  of  AUAMP  and  its  internal  range-dependent  data  bases.  Section  3.0  presents  the 
methodology  used  for  analysis  of  sampling  intervals  and  input  environmental  data  resolution. 
Finally,  section  4.0  presents  preliminaiy  observations  based  on  work-to-date. 
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2.0  AUAMP  OVERVIEW 


2.1  AUAMP  CapabiUties 


AUAMP  is  a  system  of  models  which  calculates  range-dependent  transmission  loss, 
reverberation,  and  noise.  Using  these  estimates  and  input  system  Figure  of  Merit  (FOM) 
parameters,  signal  excess  is  estimated  for  frequencies  from  20  to  1000  Hz.  AUAMP  is 
constructed  of  four  constituent  sub-models:  transmission  loss  (ASERT);  reverberation 
(REVERB);  noise  (ANDES);  and  signal  excess  (SYSMOD).  After  the  completion  of  each 
submodel  AUAMP  allows  output  to  be  reviewed.  The  data  flow  of  the  AUAMP  system  is 
given  in  Figure  1. 


OUTPUT 


Figure  1.  Data  Flow  of  AUAMP 


The  primaiy  advantage  of  AUAMP  is  its  separate  handling  of  system  and 
environmental  parameters.  The  first  three  sub-models  (ASERT,  REVERB,  and  ANDES) 
use  data  that  is  specific  only  to  the  ocean  area  of  interest,  no  system  parameters  are  used  as 
input  to  these  models.  The  final  model,  SYSMOD,  integrates  the  system  FOM  parameters 
with  the  transmission  loss,  reverberation,  and  noise  estimates  from  ASERT,  REVERB  and 
ANDES  to  get  acoustic  system  performance  predictions.  This  distinction  between 
environmental  and  system  parameters  lends  itself  to  computational  efficiency.  System  or 
detection  parameters  can  be  altered  without  recalculation  of  environmental  parameters. 
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'Typical  system  performance  predictions  are  probability  of  detection  and  signal  excess  as  a 
function  of  range,  bearing,  and  source,  target,  and  receiver  geometry. 

The  predominant  calculation  in  AUAMP  is  transmission  loss.  'The  transmission  loss 
model,  ASERT,  uses  range-dependent  CZ-ASTRAL  to  calculate  transmission  loss.  It  is  in 
this  module  that  transmission  loss  to  seven  depths  of  interest  (surface,  bottom,  volume 
scattering  depth,  target  and  three  environment  specific  seamount  heights)  is  calculated. 
Besides  providing  transmission  loss  for  source-to-target  and  target-to  receiver,  these 
transmission  loss  calculations  form  the  basis  of  the  reverberation  calculation.  Reverberation 
is  calculated  using  the  transmission  loss  output  for  the  appropriate  scatterer  of  interest  for 
the  appropriate  ranges.  The  noise  model  ANDES  uses  C2L-ASTRAL  independently  to 
calculate  the  transmission  loss  from  various  specified  noise  sources  in  the  ocean  in  order  to 
determine  the  noise  level  received  by  the  receiver.  Because  of  the  importance  of  the  CZ- 
ASTRAL  calculation  and  its  effect  on  the  signal  excess  computation,  the  effect  of  input 
environmental  data  on  the  CZ-ASTRAL  transmission  loss  calculation  is  investigated  directly. 
Environmental  parameters  are  not  directly  input  to  the  signal  excess  module.  Therefore,  the 
impact  of  environmental  data  on  AUAMP  system  performance  predictions  correlates 
directly  to  the  impact  of  input  environmental  data  on  the  'TL  calculation. 


2.2  Range-dependent  Inputs 


AUAMP  version  2.6  uses  the  eight  input  envirorunental  parameters  shown  in  Table  2. 
Only  the  four  parameters  shown  in  Table  3  are  modeled  as  range-dependent.  'The  sensitivity 
of  the  transmission  loss  to  the  four  range-dependent  input  environmental  parameters  is 
investigated  in  this  paper. 
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Windspeed 

Volume  Scattering  Coefficient 
Bottom  Scattering  Coefficient 
Bottom  Depth 
Sound  Velocity  Profile 
BLUG  Province 
Sediment  Thickness 


Table  2.  Input  Environmental  Parameters  to  AUAMP 


•  Bottom  Depth 

•  Sound  Velocity  Profile 

•  BLUG  Province 

•  Sediment  Thickness 


Table  3.  Range-Dependent  Input  Environmental 
Parameters 


The  range-dependent  environmental  inputs  are  extracted  by  AUAMP  from  the 
Historical  Ocean  Profile  (HOP)  data  bases.  The  resolution  and  name  of  each  of  the  range- 
dependent  data  bases  used  by  AUAMP  is  given  in  Table  4.  Section  2.3  explains  the  data 
bases  in  more  detail. 


Environmental  Parameter 

Data  Base  Resolution 

Data  Base  Name 

BLUG  Province 

1/12  degree 

LFBL  (BLUG) 

SVP 

1/2  degree 

SVP 

Sediment  Thickness 

1/12  degree 

LFBL  (BLUG) 

Bottom  Depth 

1/12  degree 

DBDBC 

Table  4.  Environmental  Parameters  and  Data  Base  Resolution 
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AUAMP  currently  calculates  traasmission  loss  every  two  nautical  miles  for  each  user 
specified  azimuthal  bearing.  In  addition,  at  each  of  these  two  nautical  mile  range  steps 
AUAMP  samples  environmental  data  in  the  data  bases.  If  the  new  environment  differs 
significant^  fi-om  the  previous  environment  the  newly  detracted  environmental  information  is 
used  to  calculate  the  transmission  loss  at  that  range.  Table  5  states  the  condition  for  which 
new  enviroiunental  data  is  used  by  AUAMP  for  the  four  envirorunental  parameters.  If  the 
new  information  does  not  differ  significantly,  the  previous  environments’  data  is  used.  This  is 
done  to  save  time  in  the  ASTRAL  TL  calculation  which  recomputes  certain  parameters 
based  on  changes  in  the  environment.  The  less  environmental  variance,  the  more  quickly 
the  TL  calculation  is  performed.  It  is  important  to  note  that  even  if  the  environment  does 
not  change,  calculations  are  still  performed  every  two  nm.  If  the  environment  does  change, 
additional  calculations  are  done  to  incorporate  the  new  data  into  the  calculation. 


Environmental  Parameter 

Condition  Necessary  to  Call  a  New 

Environment 

BLUG  Province 

If  current  BLUG  province  is  not  equal  to 
previous  BLUG  province 

SVP 

If  current  SVP  type  is  not  equal  to 
previous  SVP  type 

Sediment  thickness  (measure  in  two  way 
travel  time  (TWT)) 

If  current  TWT  differs  more  than  .3 

seconds  from  previous  TWT 

Bottom  Depth 

If  current  bottom  depth  differs  by  more 
than  5  %  from  previous  bottom  depth 

Table  5.  Conditions  Necessary  to  Call  a  New  Environment  Currently  Employed  by  AUAMP 
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2.3  AUAMP  Internal  Data  Bases 


AUAMP  uses  four  major  data  bases:  SVP;  bottom  loss;  sediment  thickness  and; 
bottom  depth.  The  sound  speed  profile  data  base  ^es  sound  speed  as  a  function  of  depth 
for  the  entire  water  column.  The  Lx)w  Frequency  Bottom  Loss  (LFBL)  data  base,  derived 
from  the  BLUG  model,  gives  bottom  loss  and  sediment  thickness  values.  A  set  of  9 
geoacoustic  parameters  describe  the  bottom  type  for  every  latitude  and  longitude.  Shallow 
water  areas  an  attenuation  exponent  is  included  for  a  total  of  10  geoacoustic  parameters. 
The  LFBL  data  base  is  accessed  through  province  numbers  which  point  to  a  set  of 
geoacoustic  parameters.  These  parameters  are  then  used  in  the  TL  calculation.  Included  in 
the  LFBL  data  base,  separate  from  the  geoacoustic  parameter  set,  is  sediment  thickness  for 
every  latitude  and  lon^tude.  Sediment  thickness  is  represented  in  the  data  base  with  two 
way  travel  time.  The  Digital  Bathymetric  Data  Base  -  Confidential  (DBDBC)  gives  the 
bottom  depth  for  a  specified  location  in  the  ocean. 


2.4  AUAMP  Ranee  Intervals 


AUAMP  version  2.6  calculates  transmission  loss  every  two  tun.  This  means  that  every 
two  miles  the  condition  shown  in  Table  5  is  checked  and  the  transmission  loss  function  is 
evaluated.  The  procedures  of  checking  the  condition  and  calculating  the  transmission  loss 
function  are  independent.  The  transmission  loss  function  is  evaluated  every  two  nautical 
miles  regardless  of  the  changes  in  environment.  If  one  of  the  conditions  in  Table  5  is  true, 
then  additional  calculations  to  the  normal  transmission  loss  calculations  are  made.  It  is 
important  to  note  that  there  is  an  independent  relationship  between  sampling  interval  and 
grid  resolution.  The  AUAMP  sampling  interval  is  used  no  matter  what  the  data  base  grid 
resolution  is  or  how  the  environmental  changes.  The  objective  of  this  task  is  to  determine 
whether  the  two  nautical  mile  sampling  interval  is  sufficient  to  accurately  represent  TL  and 
under  what  conditions  (if  any)  other  sampling  intervals  may  be  preferred.  For  example,  if  a 
finer  resolved  data  base  is  being  used,  a  two  nautical  mile  sampling  interval  may  not  capture 
the  envirorunental  information  as  often  as  needed  to  accurately  predict  transmission  loss. 
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3.0  METHODOLOGY  AND  RESULTS 


3.1  AUAMP  Sampling  Intervals 


The  transmission  loss  output  in  AUAMP  is  a  complex  function  of  sampling  interval 
and  environmental  data  which  includes  range-dependent  SVP,  bottom  type,  sediment 
thickness  and  bottom  depth.  The  range-dependence  of  the  environmental  data  plays  an 
especially  complicated  role  in  quantifying  sampling  interval  effects.  The  sampling  interval 
may  have  different  effects  on  the  transmission  loss  depending  which  environmental 
parameter  is  varying.  In  addition,  how  often  and  how  drastically  the  environmental 
parameter  is  varying  may  affect  how  the  sampling  interval  effects  the  transmission  loss.  To 
bracket  the  problem,  several  enviroiunental  data  cases  were  defined  to  address  each  of  these 
concerns  as  shown  in  Table  6.  Frequency,  source,  target  and  receiver  depths  were  held 
constant  as  shown  in  Table  7. 

The  environmental  data  sets  shown  in  Table  6  progress  from  the  base  case  to  cases 
where  one  environmental  parameter  varies  with  range  while  the  other  three  are  held 
constant.  Three  separate  data  bases  representing  different  rates  of  fluctuation  of  the 
environment  were  constructed  for  each  of  the  four  environmental  parameters.  Thus,  for 
each  shaded  box  in  Table  6,  three  separate  data  bases  were  employed.  The  AUAMP 
sampling  interval  was  then  varied  for  each  of  the  separate  data  bases  for  the  specified 
environmental  parameter. 

The  artificial  data  bases  were  constructed  to  perform  the  cases  shown  in  Table  6 
represent  possible  but  random  changes  in  shallow  water  ocean  environments.  Appendix  A 
presents  all  the  artificial  data  bases  and  the  methods  used  to  implement  them.  For 
convenience,  the  artificial  data  bases  are  represented  on  grids  in  nautical  miles  (nm)  rather 
than  minutes  as  in  the  HOP  data  bases.  The  environmental  data  was  changed  at  every  grid 
point  in  the  appropriate  data  base.  Thus,  to  represent  a  high  degree  of  fluctuation  in  the 
environment  for  a  specific  parameter,  a  very  fine  grid  was  used. 
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specific  progressions  of  environmental  data  were  not  reflected  in  the  artificial  data 
bases  with  the  reception  of  the  bottom  depth  data  base.  The  effect  of  these  specific  types  of 
environmental  progressions  on  the  ASTRAL  transmission  loss  is  detailed  in  reference  5. 

The  bottom  depth  artificial  data  base  was  constructed  to  reflect  a  deep  to  shallow  water 
upslope  environment. 


Case 

SVP 

l^pe 

BLUG 

Type 

Sediment 

Thickness 

(sec) 

Bottom 

Depth  (ft) 

AUAMP 

Sampling 

Interval 

Base 

7 

14 

1.3 

Constant  at 

300,  600, 

1000 

Varies 

1 

Varies  with 

Range 
(3  grids) 

14 

1.3 

Constant  at 

300,  600, 

1000 

Varies 

2 

7 

Varies  with 

Range 
(3  grids) 

1.3 

Constant  at 

300,  600, 

1000 

Varies 

3 

7 

14 

Varies  with 

range 

(3  grids) 

Constant  at 

300,  600, 

1000 

Varies 

4 

7 

14 

13 

Varies  with 

range 

(3  grids) 

Varies 

Table  6.  Environmental  Data  Sets 
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1  Input  Panuneter 

Value 

1  Source/Receiver  Depth 

200  ft 

Target  Depth 

200  ft 

Frequency 

300  Hz 

Table  7.  AUAMP  Run  Parameters 


Section  3.1.2  through  Section  3.1.6  present  the  environmental  data  sets  shown  in  the 
rows  of  Table  6.  For  each  section  three  environmental  parameters  were  held  constant  while 
the  fourth  was  modeled  as  varying.  A  range*independent  case  is  presented  initially  to 
provide  a  base  case  for  comparison. 

•  Section  3.1.2  -  Range-Independent  Case 

•  Section  3.22  -  Range-Dependent  in  SLUG  Province 

•  Section  3.2.3  •  Range-Dependent  in  Sediment  Thickness 

•  Section  3.3.3  -  Range-Dependent  in  Sound  Velocity  Profile 

•  Section  3  J.4  •  Range-Dependent  in  Bottom  Depth 

The  enviromnental  data  sets  for  sediment  thickness,  BLUG  province,  and  SVP  type  were 
varied  over  three  constant  bottom  dq)ths  to  determine  the  depth  dependence  of  any 
sampling  interval  effects. 
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3.1.2  Range-Independent  Base  Case 


<1 


Figures  2  through  4  give  range-independent  AUAMP  TL  runs  at  various  sampling 
intervals  for  three  bottom  depths  of  300,  600,  and  1000  ft  These  cases  are  presented  to 
show  the  effect  of  the  two  nautical  mile  sampling  interval  on  non-range-dependent  data  as 
well  as  to  provide  a  base  case  to  be  used  for  future  comparisons.  Five  sampling  intervals  of 
1/2,  one,  two,  five,  and  ten  nautical  miles  were  used  for  the  following  Figures.  Table  6 
shows  the  parameters  used  for  the  base  case. 
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3.1.3  Range-dependent  in  BLUG  Province 


AUAMP  TL  calculations,  for  which  sediment  thickness,  SVP  type  and  bottom  depth 
were  held  constant  while  the  BLUG  province  was  varied,  were  performed.  Data  bases  were 
constructed  with  various  resolutions  to  see  the  effect  that  different  environmental  fluctuation 
rates  have  on  the  TL  calculation  when  coupled  with  different  sampling  intervals.  AUAMP 
was  run  employing  different  sampling  intervals  on  the  various  grid  resolutions  for  three 
water  depths  of  300,  600,  and  1000  ft.  Different  depths  were  used  to  note  the  depth 
dependence  of  the  sampling  interval  effect  on  the  transmission  loss  calculation.  Table  8 
gives  the  resolution  of  the  artificial  data  bases  constructed  for  the  BLUG  province  study 
along  with  the  AUAMP  sampling  intervals  applied. 


Environmental  Parameter 

Data  Base  Resolution 

(Grid)  (nm) 

AUAMP  Sampling  interval 

(nm) 

BLUG  Province 

1 

1/2.  1.  2 

5 

1,  2.5 

50 

1.  2.  5,  10 

Table  8.  Matrix  of  BLUG  Data  Base  Resolution  and  Sampling  Interval 


Figures  5  through  7  show  the  effects  of  varying  the  BLUG  province  on  a  one  nautical 
mile  data  base  grid  for  the  three  bottom  depths.  Figures  8  through  10  show  the  effect  of 
varying  the  BLUG  province  on  a  five  nautical  mile  grid.  Figures  11  through  13  shown  the 
effect  of  a  50  nautical  mile  grid. 
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Figure  5.  BLUG  Province  Effects,  1  nm  Grid,  300  ft  Depth 


Bottom  Doptti  (ft) 
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Figure  6.  BLUG  Province  Effect,  I  nm  Grid,  600  ft  Depth 
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Figure  7.  BLUG  Province  Effect,  1  nm  Grid,  1000  ft  Depth 
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Bottom  DopUi  (ft) 


Figure  9.  BLUG  Provin(»  Effect,  5  nm  Grid,  600  ft  Depth 


Figure  10.  BLUG  Province  Effect,  5  nm  Grid,  1000  ft  Depth 


Bottom  Doptti  (ft) 


Figure  11.  BLUG  Province  Effect,  50  nm  Grid,  300  ft  Depth 


Figure  12,  BLUG  Province  Effect,  50  nm  Grid,  600  ft  Depth 


Figure  13.  BLUO  Province  Effect,  50  nm  Grid,  1000  ft  Depth 


3.1.4  Range-dependent  in  Sediment  Thickness 


AUAMP  calculations,  for  which  BLUG  province,  SVP  type,  and  bottom  depth  were 
held  constant  while  the  sediment  thickness  was  varied,  were  performed.  Data  bases  were 
constructed  with  various  resolutions  to  see  the  effect  of  environmental  fluctuation  rates  on 
the  TL  calculation  when  coupled  with  sampling  interval  changes.  AUAMP  was  run 
employing  different  sampling  intervals  on  the  various  grid  resolutions  for  three  water  depths 
of  300,  600  and  1000  ft.  Table  9  gives  the  resolution  of  the  artificial  data  bases  constructed 
for  the  sediment  thickness  study  along  with  the  AUAMP  sampling  intervals  applied. 


Environmental  Parameter 

Data  Base  Resolution 

(Grid)  (nm) 

AUAMP  Sampling  interval 

(nm) 

Sediment  Thickness 

1 

1/2,  1.  2 

5 

1.2.5 

50 

1,  2.  5,  10 

Table  9.  Matrix  of  Sediment  Thickness  Data  Base  Resolutions  and  Sampling  Intervals 

Figures  14  through  16  show  the  effects  of  varying  the  sediment  thickness  on  a  one 
nautical  mile  data  base  grid  for  the  three  bottom  depths.  Figures  17  through  19  show  the 
effect  of  varying  the  sediment  thickness  on  a  five  nautical  mile  grid.  Figures  20  through  22 
show  the  effect  of  a  50  nautical  mile  grid. 
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Figure  15.  Sediment  Thickness  Effect,  1  nm  Grid,  600  ft  Depth 


Sediment  Thickness 


Bottom  DopUi  (ft) 


Figure  19.  Sediment  Thickness  Effect,  5  nm  Grid,  1000  ft  Depth 


Transmission  Loss  TWT  Time  in  Sediment  Varying 


Bottom  DapUi  (ft) 


Transmission  Loss  TWT  Time  in  Sediment  Varying 


Bottom  OopUi  (R) 


Transmission  Loss  TWT  Time  in  Sediment  Varying 


3.1.5  Range-dependent  in  Sound  Velocity  Profile 

AUAMP  calculations,  for  which  BLUG  province,  sediment  thickness,  and  bottom 
depth  were  held  constant  while  the  sound  velocity  profile  varied,  were  performed.  Data 
bases  were  constructed  with  various  resolution  to  see  the  effect  of  environmental  fluctuation 
rates  on  the  transmission  loss  coupled  with  sampling  interval  changes.  AU.\MP  was  run 
employing  different  sampling  intervals  on  the  various  SVP  data  base  grid  resolutions  for 
three  water  depths  of  300,  600,  and  1000  ft.  Table  10  gives  the  resolution  of  the  artificial 
data  bases  constructed  for  the  sound  velocity  profiles  along  with  the  AUAMP  sampling 
intervals  used. 


Environmental  Parameter 

Data  Base  Resolution 

AUAMP  Sampling  interval 

(Grid)  (nm) 

(nm) 

2 

1/2,  1.  2 

SVP 

5 

1/2,  1,  2,  5 

30 

1/2,  1,  2,  5,  10 

Table  10.  Matrix  of  Sediment  Thickness  Data  Base  Resolutions  and  Sampling  Intervals 


Figures  23  through  25  show  the  effects  of  varying  the  SVP  type  on  a  two  nautical  mile 
data  base  grid  for  the  three  bottom  depths.  Figures  26  through  28  show  the  effect  of  varying 
the  SVP  on  a  five  nautical  mile  grid.  Figures  29  through  31  show  the  effect  of  a  30  nautical 
mile  grid. 


Figure  23.  Sound  Velocity  Profile  Effects,  2  nm  Grid,  300  ft  Depth 


Figure  24.  Sound  Velocity  Profile  Effects,  2  nm  Grid,  600  ft  Depth 


Figure  25.  Sound  Velocity  Profile  Effects,  2  nm  Grid,  1000  ft  Depth 


Figure  27.  Sound  Velocity  Profile  Effects,  5  nm  Grid,  600  ft  Depth 


Figure  28.  Sound  Velocity  Profile  Effects,  5  nm  Grid,  1000  ft  Depth 
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Figure  29.  Sound  Velocity  Profile  Effects,  30  nm  Grid,  300  ft  Depth 
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Figure  30.  Sound  Velocity  Profile  Effects,  30  nm  Grid.  600  ft  Depth 


Transmission  Loss 


3.1.6  Range-dependent  in  Bottom  Depth 


AUAMP  TL  calculations,  for  which  BLUG  province,  SVP  type,  and  sediment 
thickness  were  held  constant  while  the  bottom  depth  was  varied,  were  performed.  Data 
bases  were  constructed  to  see  the  effect  of  bottom  depth  fluctuations  at  different  grid 
resolutions  coupled  with  various  sampling  intervals  on  the  transmission  loss.  The  bottom 
depth  data  bases  were  constructed  to  simulate  upslope  environments.  AUAMP  was  run 
employing  different  sampling  intervals  on  the  grid  resolutions.  Table  11  gives  the  resolution 
of  the  artificial  data  bases  constructed  for  the  bottom  depth  study  along  with  the  AUAMP 
sampling  intervals  applied. 


Environmental  Parameter 

Data  Base  Resolution 

(Grid)  (nm) 

AUAMP  Sampling  interval 

(nm) 

Bottom  Depth 

1 

1/2.  1,  2 

5 

1,  2,5 

50 

1,  2,  5.  10 

Table  11.  Matrix  of  Bottom  Depth  Data  Base  Resolutions  and  Sampling  Intervals 


Figure  32  shows  the  effect  of  varying  the  bottom  depth  on  a  two  nautical  mile  data 
base  grid.  Figure  33  shows  the  effect  of  varying  the  bottom  depth  on  a  five  nautical  mile 
grid.  Figure  34  shows  the  effect  of  a  ten  nautical  mile  grid. 
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Figure  32.  Bottom  Depth  Effect,  2  nm  Grid 


Figure  33.  Bottom  Depth  Effect,  5  nm  Grid 
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Figure  34 .  Bottom  Depth  Effect,  10  nm  Grid 


To  assist  in  reviewing  the  applicability  of  AUAMP  to  shallow  water  predictions,  it  is 
helpful  to  know  which  environmental  parameters  have  the  greatest  effect  on  the  transmission 
loss  calculation.  AUAMP  runs  were  performed  in  which  three  of  the  four  environmental 
parameters  were  held  constant  at  the  values  shown  in  Figure  6.  The  fourth  environmental 
parameter  was  modeled  as  range  dependent  on  a  standard  grid  resolution  with  a  two 
nautical  mile  sampling  interval,  accessing  the  data  bases  described  in  Appendix  A.  Table  12 
gives  the  data  base  grid  resolutions  used  for  each  of  the  environmental  parameters. 

Random  changes  in  the  environment  were  used  as  input  to  the  data  bases. 

Figure  35  presents  four  transmission  loss  curves  which  reflect  the  results  of  the  four 
AUAMP  runs  in  which  only  one  environmental  parameter  was  varied  at  a  time  while  the 
other  three  were  held  constant.  In  addition,  a  range  independent  curve  is  plotted  to 
compare  with  the  transmission  loss  curves  generated  with  fluctuations  in  each  of  the 
envirorunental  parameters.  A  300  ft  constant  bottom  depth  was  used  for  all  the  curves  in 
Figure  35  with  the  exception  of  the  bottom  depth  varying  transmission  loss  curve.  Figure  36 
presents  the  effect  of  fluctuations  in  individual  environmental  parameters  on  the 
transmission  loss  calculation  for  a  bottom  depth  of  600  ft.  Figure  37  presents  the  effect  of 
fluctuations  in  individual  environmental  parameters  on  the  transmission  loss  calculation  at  a 
bottom  depth  of  1000  ft. 


Parameter 

Grid  Resolution  (nm) 

BLUG  Province 

5 

SVP  Type 

30 

Sediment  Thickness 

5 

Bottom  Depth 

5 

Table  12.  Grid  Resolutions  used  at  Constant  Sampling  Rate 
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Transmission  Loss  Environmental  Parameter  Effect 


4.0  PRELIMINARY  OBSERVATIONS 


Observations  from  the  analysis  outlined  in  this  paper  are  described  below  in  Section 
4.1.  Section  42  presents  preUminaiy  condusions.  The  observations  and  preliminary  results 
reported  in  this  section  wiU  be  further  investigated  with  analysis  into  the  physics  and 
implementation  of  the  model  as  well  as  comparisons  with  real  data. 

4.1  General  Observations 

Each  general  observation  is  discussed  below  with  reference  to  the  appropriate 
AUAMP  TL  run(s)  used  to  support  the  observation. 


•  The  two  nautical  mile  AUAMP  sampling  interval  does  not  appear  sufficient  to  predict 
the  TL  structure  in  all  shallow  water  environments. 

This  is  demonstrated  with  Figure  8  which  reflects  the  transmission  loss  in  an 
environment  that  is  only  varying  in  BLUG  province  every  five  nautical  miles,  at  a  constant 
bottom  depth  of  300  ft.  There  is  a  significant  fine  structure  difference  between  the  two 
nautical  mile  sampling  interval  and  the  one  nautical  mile  sampling  interval  curves.  Even 
more  noticeable  is  the  offset  in  range  and  level  of  the  transmission  loss  between  the  two 
nautical  mile  and  one  nautical  mile  sampling  interval  curves.  The  coarser  sampling  interval 
(two  nm)  lowers  the  entire  TL  curve  and  offsets  it  in  range.  This  is  especially  noticeable  of 
ranges  greater  than  50  nautical  miles.  The  offset  is  increased  by  moving  to  yet  a  coarser 
sampling  interval  as  shown  with  the  five  nautical  mile  sampling  interval  curve. 

The  inadequacy  of  the  2  nm  sampling  rate  to  predict  the  TL  structure  is  shown  in 
Figures  32  through  34,  which  reflect  the  transmission  loss  in  an  environment  that  is  only 
varying  in  bottom  depth  every  five  nautical  miles.  There  is  a  flne  structure  difference  and 
curve  offset  between  the  one  and  two  nautical  mile  sampling  intervals. 

It  is  interesting  to  note  that  there  is  not  a  significant  difference  between  the  1/2  and 
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one  nautical  mile  sampling  interval  curves  either  in  fine  structure  or  offset  as  between  the 
two  and  one  nautical  mile  sampling  interval  curves.  This  implies  that  the  one  nautical  miles 
sampling  interval  will  be  sufficient  in  envirorunents  where  the  two  nautical  mile  sampling 
interval  is  not. 

It  appears  that  the  inadequacy  of  the  two  nautical  mile  sampling  rate  is  dq)endent  on 
the  enviroiunent.  When  the  BLUG  province  or  bottom  depth  is  varying,  the  difference 
between  the  two  and  one  nautical  mile  sampling  rates  are  significant.  In  environments  in 
which  only  the  sediment  thickness  is  varying,  as  shown  in  Figure  17  on  a  five  nautical  mile 
grid,  there  is  not  an  appreciable  difference  between  the  one  and  two  nautical  mile  sampling 
intervals.  In  environments  in  which  only  the  sound  velocity  profile  is  varying,  the  difference 
between  the  one  and  two  nautical  mile  sampling  interval  is  not  significant  either. 

•  When  coarse  grids  are  employed,  a  two  nautical  mile  or  one  nautical  mile  sampling 
interval  is  stiii  required. 

This  is  demonstrated  in  Figure  11  in  which  the  transmission  loss  as  a  result  of  the 
BLUG  province  varying  every  50  miles  is  plotted.  There  is  a  considerable  offset  (4  dB  in 
level)  between  the  five  and  two  nautical  mile  sampling  interval  curve.  The  two  nautical  mile 
sampling  interval  curve  does  not  appear  to  pick  up  the  entire  TL  structure.  This  is  an 
interesting  effect  as  it  shows  the  independence  of  the  AUAMP  sampling  interval  to 
environmental  changes  since  in  this  example  the  BLUG  province  is  changing  only  every  50 
miles. 

It  is  useful  at  this  point  to  refer  back  to  Figure  2,  the  range-independent  transmission 
loss  curve  at  a  bottom  depth  of  300  ft.  Figure  2  does  not  show  the  significant  offset  that 
Figure  11  shows  between  the  various  sampling  interval  curves.  This  is  an  interesting  result. 
The  BLUG  type  used  to  generate  the  range-independent  curve  is  14  as  shown  in  Table  6. 
The  BLUG  type  used  to  generate  the  curve  shown  in  Figure  11  started  with  BLUG  type  1  as 
presented  in  Appendix  A.  Comparing  Figure  11  and  Figure  2,  it  appears  that  depending  on 
the  actual  value  of  the  data  entered,  the  AUAMP  sampling  interval  has  different  effects. 


54 


The  effect  of  ^eciffc  data  having  an  impact  on  the  sampling  interval  effect  is  further 
demonstrated  in  the  comparison  of  Figures  2  and  20.  Figure  20  presents  a  transmission  loss 
curve  in  which  only  sediment  thickness  is  varying  every  SO  nautical  miles.  Figure  2  is  the 
range  independent  transmission  loss  curve. 


•  As  the  water  depth  decreases,  the  need  for  a  finer  sampling  Interval  is  increased. 

This  effect  can  be  seen  by  comparing  Figures  8  and  9,  which  presents  transmission  loss 
curves  over  two  bottom  depths  of  300  and  600  ft  in  which  onfy  the  SLUG  province  was 
varying  with  range.  Looking  at  the  one  and  two  nautical  mile  sampling  interval  curves,  the 
difference  between  the  sampling  interval  effects  on  the  transmission  loss  decreases  as  the 
depth  increases  to  300  ft  from  600  ft.  In  addition,  there  is  not  as  fine  a  structure  at  the  600 
ft  depth  (Figure  9)  relative  to  the  300  ft  depth  (Figure  8). 

This  can  also  be  seen  in  environments  in  which  only  the  sediment  thickness  varies. 
Figures  14  and  15  present  transmission  loss  in  which  sediment  thickness  is  varying  every  one 
nautical  mile  for  a  300  and  600  ft  bottom  depth.  The  1/2,  one  and  two  nautical  mile 
sampling  interval  curves  converge  upon  going  from  the  300  ft  depth  (Figure  14)  to  the  600  ft 
depth  (Figure  15).  Thus,  it  appears  that  in  shallow  water  (300,  600  ft)  finer  sampling 
intervals  better  predict  the  fine  structure  of  the  TL. 


•  In  environments  in  which  the  bottom  depth  is  changing  often,  the  effect  of  the  sampling 
interval  on  the  transmission  loss  is  significant  relative  to  sampling  interval  effects  on  the 
three  other  environmental  parameters. 

This  is  demonstrated  in  Figures  32  through  35  which  present  transmission  loss  given 
upslope  changes  in  bottom  depth.  For  a  five  nautical  mile  grid  (Figure  33)  there  is  a 
significant  change  between  the  two  nautical  mile  sampling  interval  and  the  one  nautical  mile 
sampling  interval  curves.  There  is  even  an  appreciable  variance  of  about  three  dB  between 
the  1/2  and  one  nautical  mile  sampling  interval  curves  at  ranges  greater  than  73  nm.  This 
indicates  the  transmission  loss  function  is  very  sensitive  to  the  bottom  depth  relative  to  the 
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three  other  environmental  parameters  at  a  two  nautical  mile  sampling  interval.  None  of  the 
other  environmental  parameters  dictated  the  use  of  a  1/2  nautical  mile  sampling  rate. 

The  two  nautical  mile  sampling  interval  does  not  appear  to  be  predicting  the  entire 
transmission  loss  structure  in  upslope  environments.  This  is  a  significant  effect  as  AUAMP 
comparisons  (using  a  two  nautical  mile  sampling  interval)  with  real  data  have  been  known  to 
decay  in  slope  environments. 


•  The  general  sensitivity  of  AUAMP  to  various  input  range>dependent  parameters  is  very 
dependent  on  the  data  input  to  AUAMP. 

For  the  random  type  variances  used  in  this  report,  it  appears  that  bottom  depth  has 
the  greatest  effect  on  transmission  loss  as  seen  in  Figure  35.  The  SVP  affects  the 
transmission  loss  significantly  more  than  the  BLUG  province  at  bottom  depths  of  600  and 
1000  ft  (Figure  36  and  37).  In  shallower  environments,  the  BLUG  province  tends  to  have  an 
increased  effect  on  the  transmission  loss  calculation  due  to  the  increased  bottom  interaction. 
The  sediment  thickness  appears  to  have  the  least  relative  effect  on  the  transmission  loss  at 
any  depth. 


4.2  Preliminary  Conclusions  of  Work-to-Date 


Analysis  to  date  provides  the  following  conclusions: 

•  It  appears  the  sampling  interval  has  a  greater  effect  on  the  transmission  loss  in 
environments  in  which  the  bottom  depth  is  changing  relative  to  changes  in  other 
environmental  parameters; 

•  The  two  nautical  mile  sampling  interval  presently  employed  by  AUAMP  does  not 
appear  sufficient  all  the  time.  In  particular,  veiy  shallow  water  environments 
(300  ft)  and  upslope  type  environments  require  a  finer  sampling  interval  (one 
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nautical  mile); 


•  A  coarse  sampling  interval  tends  to  neglect  the  fine  structure  of  the  transmission 
loss  and  may  lower  the  entire  curve  a  specific  dB  amount  and  translate  it  in 
range; 

•  Coarser  data  grids  than  the  data  base  grids  currently  employed  by  AUAMP,  for 
all  environmental  parameters,  still  dictate  the  use  of  a  two  nautical  mile  or  finer 
sampling  interval; 

•  In  a  very  shallow  water  environments  (300  ft)  the  BLUG  province  and  SVP 
profile  have  a  greater  effect  on  the  transmission  loss  than  they  do  in  deeper 
water. 


57 


REFERENCES 


1.  "AUAMP  Baseline  2.1  User’s  Guide,"  Science  Applications  International  Corporation, 
McLean,  VA,  1  September  1991. 

2.  "AUAMP  Baseline  21.  Description  of  Physics,"  Science  Applications  International 
Corporation,  McLean,  VA,  19  September  1987. 

3.  "Development  of  the  Geo-Acoustic  Areas  For  the  Bottom-Loss  Upgrade,"  Science 
Applications  International  Corporation,  McLean,  VA,  March  1983. 

4.  "Data  Base  Description  For  Low-Frequency  Bottom  Loss  (LFBL),"  Naval  Oceanographic 
Office,  Stennis  Space  Center,  Mississippi,  June  1990. 

5.  "The  ASTRAL  Model,  Technical  Description,"  Science  Applications  Inc.,  McLean,  VA, 
January  1979. 


58 


Appendix  A 

Artificial  Data  Base  Values 


A.1  OVERVIEW 


This  appendix  presents  the  data  used  in  the  artificial  data  bases  that  were  accessed  by 
AUAMP  to  generate  the  results  presented  in  this  paper.  Four  major  categories  of  data 
bases  were  constructed:  BLUG  province;  SVP  province,  sediment  thickness,  and  bottom 
depth.  Each  category  will  be  discussed  separately  and  the  technique  to  build  the  artificial 
data  bases  will  be  presented  along  with  the  data  bases  in  tabular  form. 
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A.2  BLUG  PROVINCE 


The  BLUG  geoacoustic  parameters  are  accessed  through  province  numbers  in  the  LFBL 
data  base.  The  BLUG  province  artificial  data  base  consists  of  a  matrix  of  BLUG  province 
values.  The  LFBL  data  base  was  accessed  to  obtain  the  geoacoustic  parameters  associated 
with  the  province  numbers  in  the  artificial  data  base.  Province  values  that  were  considered 
reasonable  and  to  represent  possible  changes  that  could  occur  were  chosen.  Reference  3 
provided  a  source  to  identify  reasonable  changes  in  the  ocean. 

The  artificial  BLUG  data  base  is  comprised  of  19  BLUG  province  values.  AUAMP 
accessed  this  artificial  data  base  at  varying  frequencies.  The  frequency  of  access  was 
dictated  by  the  unique  grid  resolution  for  a  specific  run.  For  example,  if  the  grid  resolution 
was  five  nautical  miles  AUAMP  would  get  a  new  BLUG  province  number  from  the  data 
base  every  five  nautical  miles.  If  the  artificial  data  base  grid  was  fine  enough  that  it  went 
through  nineteen  values  and  still  needed  more  to  finish  the  calculation,  the  data  base  would 
stick  the  first  province  value  into  the  20th  grid  point  and  cycle  through  the  19  province 
values  again.  For  example,  if  the  grid  was  two  nautical  miles,  to  extend  out  100  miles  in 
range  (which  was  the  chosen  range  to  calculate  TL),  the  19  BLUG  province  number  would 
be  used  over  five  times.  Similarly,  if  the  grid  was  50  miles  only  the  first  two  BLUG 
provinces  of  the  nineteen  would  be  used. 

The  bottom  loss  versus  grazing  angle  curves  generated  from  each  of  the  19  BLUG  provinces’ 
geoacoustic  parameters  are  shown  in  Figures  A1  through  A 19.  A  bottom  depth  of  1000  ft 
was  assumed  with  the  sound  velocity  at  that  depth  to  correspond  to  the  sound  velocity  type  7 
profile  value  for  the  generation  of  the  curves. 
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Figure  A3.  BLUG  Province  T^pe  3,  Bottom  Loss  versus  Grazing  Angle 
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Figure  A7.  BLUG  Province  Type  7,  Bottom  Loss  versus  Grazing  Angle 
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SLUG— Derived  Bottom  Loss 
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BLUG—Derived  Bottom  Loss 

Figure  A 10.  BLUG  Province  T^pe  10,  Bottom  Loss  versus  Grazing  Angle 


BLUG— Derived  Bottom  Loss 
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Figure  A14.  BLUG  Province  T^pc  1 1,  Bottom  Loss  versus  Grazing  Angle 
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SLUG— Derived  Bottom  Loss 


A.3  SOUND  VELOCITY  PROFILE 


The  sound  velocity  profile  artificial  data  base  was  implemented  similarly  to  the  SLUG 
province  data  base  descried  above.  Nineteen  sound  velocity  profiles  comprise  the  SVP  data 
base.  These  profiles  represent  possible  changes  in  the  sound  velocity  profile  that  might 
occur  in  shallow  water.  These  profiles  are  accessed  by  AUAMP.  The  sound  velocity  profile 
changes  on  every  grid  point.  After  the  19th  access  of  the  data  base  by  AUAMP,  the  1st 
sound  velocity  profile  is  used  again,  and  the  19  profiles  are  reeled  through  again.  Thus, 
differently  resolved  data  bases  used  the  same  profile,  yet  with  varying  frequency. 

The  SVP  artificial  data  bases  were  constructed  to  extend  to  a  depth  of  approximately 
1000  ft.  Whenever  the  bottom  depth  for  a  ^}ecific  nm  was  shallower  than  the  bottom  depth, 
the  SVP  profile  was  cut  off  at  the  bottom  depth.  Figures  A20  through  A38  present  plots  of 
the  19  sound  velocity  profiles  used.  All  the  figures  are  extended  out  to  approximately  1000 
ft  in  depth. 
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Figure  A25,  Sound  Velocity  Profile  Type  6 
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A4.  SEDIMENT  THICKNESS 


Sediment  thickness  is  a  parameter  extracted  form  the  LFBL  data  base  in  the  same 
manner  as  the  geoacoustic  parameters.  Sediment  thickness  is  represented  by  sediment  two 
way  travel  time.  Reference  3  provided  a  source  of  possible  sediment  thickness  changes  that 
can  occur  in  shallow  water  ocean  environments.  The  artificial  data  base  was  implemented  in 
the  same  way  as  the  SVP  and  SLUG  artificial  data  base  implementation.  Table  A1  gives 
the  19  sediment  two  way  travel  times  used  in  this  study. 


Number 

TWT  Time 

(sec) 

Number 

TWT  Time 
(sec) 

1 

.5 

11 

4.2 

2 

.7 

12 

6.7 

3 

.8 

13 

7.9 

4 

1.1 

14 

8.2 

5 

1.3 

15 

9.3 

6 

1.8 

16 

14. 

7 

2.1 

17 

16.8 

8 

2.9 

18 

24.1 

9 

3.1 

19 

30. 

10 

3.3 

Table  Al.  Sediment  Two  Way  Travel  (TWT)  Times  Used  in  This  Analysis 
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A.5  BOTTOM  DEPTH 


The  bottom  depth  artificial  data  base  was  constructed  differently  than  the  previous  three 
data  bases  described  above.  A  cyclic  type  function  across  different  resolution  artificial  data 
bases  for  bottom  dq}th  was  not  realistic.  A  cyclic  function  would  result  in  a  succession  of 
one  sided  gradual  hills  with  a  sharp  drop  off  at  the  top  representing  the  point  where  the 
function  would  cycle  back  to  the  original  bottom  depth  value  for  fine  grids.  The  primary  aim 
of  the  artificial  bottom  data  base  was  to  simulate  the  effects  of  a  slope  on  the  TL 
calculation.  A  different  type  of  slope  was  represented  for  the  three  grids  used  in  the  bottom 
depth  analysis  (two,  five,  and  ten  nautical  miles).  Table  A2  gives  the  bottom  depth  values 
used  for  the  five  and  ten  nautical  mile  grid.  All  of  this  data  is  fabricated,  and  is  not  derived 
from  any  source. 


Number 

Bottom  Depth  (m) 

Number 

Bottom  Depth  (m) 

1 

457.2 

11 

274.32 

2 

457.2 

12 

259.08 

3 

426.72 

13 

243.84 

4 

426.72 

14 

213.36 

5 

426.72 

15 

282.88 

6 

396.24 

16 

152.4 

7 

396.24 

17 

121.92 

8 

335.28 

18 

91.4 

9 

335.28 

19 

60.96 

10 

274.32 

20 

60.96 

Table  A2.  Bottom  Dqith  Values  Used  in  This  Analysis  for  the  Five  and  Ten  nautical  mile 

Grids 
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